support the constant pressure assumption. However, Etsion and Ludwig (11) have measured pressure variations of the order of 50 ,k Pa inside a gaseous cavitation bubble. To resolve this apparent contradiction, it seems that one must make the distinction of whether or not the cavitation bubble is gaseous or vaporous. Etsion (11) provides a plausible mechanism based on liberation and reabsorption rates between a gas and a `iquid. The same arguments for pressure variation within a vapor bubble would not apply (cf. 13). In view of this discussion, the constant pressure assumption for vapor cavitation seems reasonable. Despite some of the controversy and certain lack of understanding, the JFO theory perhaps represents one of the best accounts of a dynamical theory to date for moderately to heavily loaded journal bearings and/or dampers. s t is an improvement over the Swift-Stleber conditions, even for steady-state solutions, because it provides for film reformation or fillback as well as film rupture. Roth rupture and fillback require a knowledge of the pressure gradient and fractional film content at the interface to determine its location. Unlike a rupture boundary, the fillback boundary is subjected to a pressure flow (i.e.. nonzero pressure gradient). Furthermore, the fractional film content at the boundary is determined by a residual fluid within the cavitated region that has been released at a rupture boundary With this preamble, the conservation law is stated as follows:
The net lineal mass flux The total increase of of (Pche) into the CV by 
Convective Contribution
The switch function g is judiciously applied to the convective term at the upstream cell face to give
/21 (11) The subscripts refer to the nodal position relative to the CV (see Fig. 1 )..
Eq. (11) is well defined in that it is self-consistent with the CV approach and retains the physics as well. The lineal mass flux at the downstream face is obtained by suitably reassigning the subscripts of Eq. (11) . Thus the incremental 6--inge to the lineal mass flux due to convection is
An attractive feature of this expression is that in the full film region (all g -1) the factor a(he)/ax that appears in the convective term is central differenced, retaining second-order accuracy. In the cavitation region, the algorithm accounts for the mass transport consistent with conservation
properties by including a in the derivative (i.e., a(he)/ax). The role of the switch function automatically effects an upwind differencing scheme for the evaluation of this term, thereby retaining properly posed conditions at the boundaries as time is advanced.
Pressure Gradient Contribution
The Poiseuille or pressure gradient contribution to the lineal mass flux at the upstream face is 3 (mx-ex/2)press s h12u g(e)(a (13) x-dx/2 where the bar represents the average value at the indicated cell race. The pressure is determined from e by the approximation to Eq. (5),
Central differencing the pressure at the upstream cell face and making use of the previous equation one obtains
x-e/2 press 12u 4x
The lineal mass flux due to diffusion that is leaving the CV at the downstream end is
In this analysis we do not need to represent h 3 by an averaging method.
We can evaluate it exactly. Thus, the net lineal flux into the CV by diffusion is
Ax If all three points are within the cavitation zone, then Amx • 0. This is consistent with the zero pressure gradient assumption in that region. If all three points are in the full film zone, then Eq. (11) reduces to a central differencing scheme for the pressure gradient. There are numerous interpolative combinations that occur at the boundary using Eqs. (12) and (17), all of which make up the boundary conditions automatically and consistent with mass conservation from grid point to grid point.
Time March
The time march related to Eq. (1) must now be considered. In this study, an alternating direction implicit (ADI) scheme was applied. The implicit
Euler method was used to advance the time at each half time step since this is known to be unconditionally stable (20) The predicted life of the vapor bubble from the computer code was 32 ms.
A part of this difference arises because this manure of bubble life inherently contains a certain time duration for which the computer indicates cavitation although in reality it would be invisible to the eye. ThSs is probably not the major contributing factor to the discrepancy, however. The pressures calculated for these conditions were of the order of 10 1 N/m2.
A plastic (polymethylmethacrylate, PMMA) was used as a housing material for viewing purposes. It is thus most likely that deformation effects are responsible for the discrepancy not accounted for by the numerical method.
Furthermore, the experiment allowed the eccentricity to reach a maximum value of 1.0, whereas a certain amount of numerical instability was observed when the eccentricity exceeded 0.98. Consequently, the input conditions for the and (e) were both generated at the same value of eccentricity. The essential difference is that the squeeze velocity has a different sign; that is, when the squeeze velocity 1s negative (the clearance is decreasing), the motion of the journal is producing a squeeze effect (part (b)). In part (e), the squeeze velocity is positive (i.e., the clearance 1s increasing) and produces a suction. In comparing Figs. 5(e) with 6(e) the difference in bubble size has become even more noticeable. Here we see in both cases that the vapor bubble has actually crossed the minimum film line and been drawn into the converging clearance space of the bearing. This effect'is greater for the nonconservative theory. As the journal continues to pull away from the bearing, the increased clearance means that a much greater Poiseuille side flow is present to cause the collapse of the bubble. This is because the (Fig. 7 ) and the development of cavitation close to the minimum film line. The negative pressures in the diverging clearance tend to cancel the positive pressures in the converging clearance. However, the motion is perhaps the major factor influencing the drastic load loss.
As should be expected, differences from the boundary conditions appear only when cavitation is present. At the higher eccentricities Therefore, it must either be assumed to be entirely vapor or filled with oil.
These calculations were made assuming the zero pressure region, which has a linear velocity distribution, is filled with oil. According to Figs The radial load acts along the line of centers:
FR • ffs p cos cp R d<pdz (A2)
The total load and attitude angle can then be determined:
The friction force is determined from the shear stress Tx: 
----------Ce) r BlF7

Abstract
A theoretical investigation is made of the evolution of a vapor-bubble' for a submerged journal bearing under dynamically loaded conditions using the Elrod algorithm. This method conserves mass throughout the computational domain. A comparison study was performed to determine some of the consequences of applying a nonconservative theory (pseudo-GUmbel BC) to a dynamic problem.
A complete dynamic cycle of a journal whirling in a circular path was chosen for the basis of comparison. Significant differences were observed in the load components near the end of the cycle. Further, good agreement with experiment is found for stationary and nonstationary cavitation. 17 
